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(57) Abstract 

A method and apparatus for controlling signal power in a communication system provides improved power control when changing 
the rate at which data is sent between a transmitter (2) and a receiver (4). When data arrives at the transmitter (2) for uansmission at a high 
rate, power control feedback is changed from a slow mode (with a low bandwidth feedback channel) to a fast mode (with a high bandwidth 
feedback channel). This control changes even before the data is transmitted at the high rate. Once the power level is accurately estimated 
for data transmission at the high rate, the data transmission begins at die high rate. 
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METHOD AND APPARATUS FOR CONTROLLING SIGNAL 
POWER IN A COMMUNICATION SYSTEM 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

5 The present invention relates to a method and apparatus 

controlling signal power in a commumcation system. More specifically^ the 
present invention may be used for providing power control in a closed-loop 
commtmication system. 

IL Description of the Related Art 

10 The use of code division multiple access (CDMA) modulation 

techruques is one of several techniques for facilitating communications in which 
a large number of system users are present. Although other techniques such as 
time division multiple access (TDMA), frequency division multiple access 
(FDMA), and AM modulation schemes such as amplitude companded single 

15 sideband (ACSSB) are known, CDMA has significant advantages over these 
other techniques. The use of CDMA techniques in a multiple access 
communication system is disclosed in U.S. Patent No. 4,901,307, entitled 
"SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION SYSTEM 
USING SATELLITE OR TERRESTRIAL REPEATERS," and assigned to the 

20 assignee of the present invention and incorporated by reference herein. The use 
of CDMA techniques in a multiple access communication system is further 
disclosed in U.S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR 
GENERATING SIGNAL WAVEFORMS IN A CDMA CELLULAR 
TELEPHONE SYSTEM," assigned to the assignee of the present invention and 

25 incorporated by reference herein. 

CDMA by its inherent nature of being a wideband signal offers a 
form of frequency diversity by spreading the signal energy over a wide 
bandwidth. Therefore, frequency selective fading affects only a small part of 
the CDMA signal bandwidth. Space or path diversity is obtained by providing 

30 multiple signal paths through simultaneous links from a mobile user or mobile 
station through two or more cell-sites. Furthermore, path diversity may be 
obtained by exploiting the multipath environment through spread spectrum 
processing by allowing a signal arriving with different propagation delays to.be 
received and processed separately. Examples of path diversity are illustrated in 

35 U.S. Patent No. 5,101,501, entitled "METHOD AND SYSTEM FOR PROVIDING 
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A SOFT HANDOFF IN COMMUNICATIONS IN A CDMA CELLULAR 
TELEPHONE SYSTEM/' and U.S. Patent No. 5,109,390, entitled "DIVERSITY 
RECEIVER IN A CDMA CELLULAR TELEPHONE SYSTEM/' both assigned to 
the assignee of the present invention and incorporated by reference herein. 
5 If the transmission power of signals transmitted by the base 

station to a mobile station is too high, problenas such as interfering with other 
mobile stations and expending urmecessary power are likely. Alternatively, if 
the transmission power of signals transmitted by the base station are too low, 
the mobile station can receive multiple erroneous transmitted frames. 

10 Terrestrial chaimel fading and other known factors affect the transmission 
power of signals transmitted by the base station, so that channel conditions 
change over time, especially as the mobile station moves. As a result, each base 
station must rapidly and accurately adjust the transmission power for the 
signals which it transmits to the mobile stations. 

15 In a useful method for controlling the transmission power of 

signals transmitted by a base station, the mobile station measures the condition 
of such transmitted signals. The mobile station then transmits a signal 
corresponding to the measured power level, or compares the power level to a 
threshold value and transmits a signal or message to the base station when the 

20 power of a transmitted frame of data deviates from the threshold. In response 
to the received signal, the base station adjusts its transmission power of signals 
transmitted by the base station; if the power level is lower than desired, the 
base station increases the transmission power of its transmitted signals, 
otherwise, the transmission power is decreased. A method and apparatus for 

25 controlling transmission power is disclosed in U.S. Patent No. 5,056,109, 
entitled "METHOD AND APPARATUS FOR CONTROLLING 
TRANSMISSION POWER IN A CDMA CELLULAR TELEPHONE SYSTEM," 
assigned to the assignee of the present invention and incorporated by reference 
herein. 

30 A delay necessarily exists under the above CDMA closed-loop 

communication system. The delay includes the time of the base station 
transmitting the frame with inadequate power, the mobile station receiving the 
degraded or erroneous frame, the mobile station recognizing the error {e.g., the 
signal falls below the threshold or a frame is erased), the mobile station 

35 transmitting an appropriate error message to the base station, and the base 
station receiving the error message and appropriately adjusting its transmission 
power. The CDMA communication system, typically, transmits packets of data 
as discrete frames. As a result, the CDMA communications system cannot 
rapidly compensate for transmission power fluctuations. Additionally, the 
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mobile station could request too great of an increase in the forward link 
traiismission power before recognizing such an increase due to the delay. 

Furthermore, the bandwidth of the channel over which the mobile 
station relays signals to the base station can be limited. For example, nearly all 
5 of the bandwidth for this channel is dedicated to transmitting voice traffic to the 
base station. Little or no bandwidth remains to transmit signals to the base 
station reflecting the measured power level of the signals transmitted by the 
base station. Therefore, such signals transmitted by the mobile station cotild 
only request that the base station increases or decreases the transmission power 

10 by a small amount. Consequently, if deep fades affect the transmitted signals, 
the base station may not be able to react quickly enough to increase its 
transmission power and calls can be undesirably terminated. 

Information signals sent from the base station to a mobile station 
include voice information, error correction codes, identification codes and 

15 others. Increased bandwidth needed for power control information comes at 
the expense of the size of one or more of these other signals. 

When transmitting from the mobile station to the base station, i.e., 
along the reverse link, the mobile station transmits signals in a series of frames. 
Each frame contains 16 power control groups. Each group contains an identical 

20 and predetermined number of encoded data symbols. A graphical showing of 
reverse link power control is shown in FIGS. lA-lD, which shows power 
control group transmissions, respectively, at the full rate, half rate, quarter rate, 
and eighth rate. 

When transmitting from the mobile station at the full rate, all 16 of 
25 the power control groups are sent. When transmitting at the half rate, however, 
only one-half of the 16 power control groups are sent (i.e., 8 power control 
groups). Accordingly, four power control groups are sent in one frame while 
transmitting in the quarter rate and only two power control groups are sent in 
one frame when transmitting at the eighth rate, as seen in FIG. ID. All data is 
30 transmitted at a power level independent of rate. 

The base station can only determine the sufficiency of the mobile 
station's transmitted power when it receives a control group. At the eighth 
rate, only two power control groups are sent every 20 milliseconds, meaning 
the base station can transmit power control commands twice every 20 
35 milliseconds or 100 times per second. When changing transmission rates from 
the eighth rate to that needed to send high speed data, power control 
commands sent twice every 20 milliseconds are not sent often enough to 
accurately set the power of the mobile station transmitter. 
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Power control mechanisms on the forward link in this type of 
commimication system use a different mechanism than that on the reverse liiUc. 
Data is continuously being sent on the forward link regardless of data rate, as 
shown in FIGS. lE-lH. FIG. IE shows data being sent at the full rate, which 
5 includes 16 data packets in one frame. Data is repeated in the frame at rates 
lower than the full rate and the transmit power is scaled downward. FIG. IF 
shows data being transferred at the half rate, which shows data packets 1-8 
being sent twice in any given frame. FIGS. IG and IH show, respectively, 
packets transmitted at the quarter rate and the eighth rate. By repeating the 

10 data at the slower rates, while lowering the transmission power, the average 
power per frame per group remains substantially constant. 

Since data is continuously being transmitted, feedback bandwidth 
of power control is not an issue, xmlike the reverse link. When transmitting on 
the forward link, the mobile station does not know beforehand at what rate 

15 data is being sent. The energy of packets transmitted at the eighth rate may not 
be sufficient to enable the mobile station to make a correct power control 
decision. Additionally, the mobile station determines the rate sent by using 
internal algorithms. Errors in the rate determination will result in errors in 
determining the sufficiency of power. 

SUMMARY OF THE INVENTION 

At times, users in a wireless commimication system desire to 
transmit or receive data signals (typically binary data) rather than voice signals. 
In a variable rate communication system, data signals are preferably 

25 transmitted at a much higher rate than voice signals. The high rate of 
transmission, however, requires significantly more power than the lower rate. 
In one aspect the invention provides a method for controlling transmission 
signal power in a commimication system having at least one base station and at 
least one user station, wherein a user of said user station transmits reverse link 

30 signals to and receives forward link signals from said base station, the method 
comprising the steps of: sending signals at a low rate from at least one of said 
user stations and said base station; selecting said transmission signal power 
required to send data signals at a data rate, said data rate being faster than said 
low rate; changing said transmission signal power to match said selected 

35 transmission signal power of said data rate; sending data signals at said data 
rate from at least one of said user stations and said base station. 

In another aspect the invention provides a method for controlling 
transmission signal power in a communication system having at least one base 
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Station and at least one user station, wherein a user of said user station 
transmits reverse link signals to and receives forward link signals from said 
base station, the method comprising the steps of: at said base station, 
transmitting data at a low rate; presenting data to said base station for 
5 transmission at a high rate, said high rate being faster than said low rate; at said 
base station, sending a signal to said user station to increase a bandwidth of 
power control information signals transmitted from said user station to said 
base station ; at said base station, sending a second signal to said user station 
indicating said base station is beginning to transmit frames at a full rate, said 

10 full rate being a rate between said low and high rates; at said user station, 
switching transmission speed to said full rate; estimating transmission signal 
power required to transmit data at said high rate based on said increased 
bandwidth of said power control information; changing said transmission 
signal power to said estimated transmission signal power; and at said base 

15 station, notifying said user station that said base station is beginning to transmit 
said second type of data at said high rate. 

In a further aspect the invention provides a communication 
system comprising: at least one base station; at least one user station, said 
stations exchanging commimication signals with each other; means for sending 

20 data transmissions at a low rate, said transmissions being sent at a signal 
transmission power; means for estimating signal transmission power required 
to send data transmissions at a data rate, said data rate being faster than said 
low rate; means, coupled to said means for sending, for changing said signal 
transmission power to match said estimated transmission signal power; and 

25 means, coupled to said means for changing, for transmitting data transmissions 
at said data rate. 

The invention also provides a commurucation system comprising: 
a base station configured normally to transmit a current communication signal 
as a forward link signal at a transmission signal power corresponding to a low 

30 data rate; at least one user station configured to receive said current 
communication signal, determine a level of said current conrauanication signal, 
and transmit a current control message as a reverse link signal; and wherein 
said base station is configured to estimate a transmission signal power required 
to send data signals at a data rate based on said current control message, said 

35 data rate being faster than said low rate, change said transmission signal power 
to match said estimated transmission signal power, and send data signals at 
said data rate to said user station. 

The invention further provides an apparatus for a commimication 
system having a base station and a user station, said base station transmitting 
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signals to and receiving signals from said user station, the apparatus 
comprising: a transmitter that transmits a current communication signal at a 
low rate; a receiver that receives a control message corresponding to said 
current communication signal; and a processor coupled to said receiver and 
5 said transmitter, said processor being configured to estimate a transmission 
signal power required to send new communication signals at a high rate based 
on said control message, said high rate being faster than said low rate, and 
wherein said transmitter is configured to send said new commimication signals 
at said high rate at said estimated transmission signal power. 

10 Under one of the embodiments of the presents invention, a 

transmission system, using power control signals, instructs a receiving system 
to transmit at an intermediate rate, for example a full rate, for a specified period 
of time preceding the transmission of data at a high rate. This increased 
transmission rate allows the transmission system to more accurately adjust the 

15 receiving station's transmitting power. 

In another embodiment of the present invention, the transmission 
system notifies the receiving system that the transmission system will begin 
sending data at a predetermined rate for a predetermined time preceding the 
onset of high speed data. By communicating in this way, potential problems 

20 caused by incorrect rate determination by the receiving station are eliminated. 

Under a further embodiment of the present invention, the 
transmission system initially operates at a lower rate, e.^., eighth rate, or idle 
rate. Data is received for transmission at the high rate. In response thereto, the 
transmission system instructs the receiving system to increase the bandwidth of 

25 its power control transmission, and can instruct the receiving system that the 
transmission rate will increase to an intermediate rate. Thereafter, the 
transmission system can transmit signals at the intermediate rate, between the 
low and high rates, such as at the full rate. The transmission system adjusts its 
power control to an appropriate level for transmission at the high rate. The 

30 transmission system can also transmit a high rate notification to the receiving 
system. Thereafter, the transmission system transmits frames at the high rate, 
while the receiving system receives these frames without need for determining 
at which rate they were trai\smitted. 

Broadly stated, the present invention embodies a method for use 

35 in a communication system having a transmitter and a receiver. The 
transmitter transmits a signal at a current rate, wherein the current rate 
corresponds to one of a plurality of rates. When the transmitter receives data 
for transmission at a high rate, the transmitter first estimates the signal power 
required to send the data at the high rate, changes the signal power to match 
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the estimated power, and then sends the data signals at the high rate. The 
method estimates the signal power required and includes the steps of: 
(a) operating the transmitter at an idle rate; (b) receiving the data for a high rate 
transfer; (c) estimating a high rate power level; (d) sending a high rate 
notification to the receiver; and (e) sending the data at the high rate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will become 
more apparent from studying the following detailed description of an 
embodiment together with the accompanying figures. In the figures, like 
reference characters identify simUar elements. 

FIGS. lA-lH are charts showing transmission rates of power 
control data on the forward and reverse links. 

FIG. 2 illustrates a general closed-loop power control system of 
the present invention. 

FIG. 3 is a block diagram of a commimication system over which 
the present invention can operate. 

FIG. 4 is an exemplary waveform diagram of normalized power 
versus time for a transmitted power signal of a forward link chaimel, fading 
affecting the forward link channel, and a resulting received power signal of the 
forward link channel, where a reverse link channel has a large bandwidth and 
small delay compared to the channel change rate. 

FIG. 5 is an exemplary waveform diagram of normalized power 
versus time for the transmitted power signal of a forward link channel, fading 
affecting the forward link channel, and the resulting received power signal of 
the forward link channel, where the reverse link channel has a small bandwidth 
and long delay compared to the channel change rate. 

FIG. 6A is a graph showing the normalized power requirements 
needed to transmit signals at different rates on an Additive White Gaussian 
Noise channel. 

FIG. 6B is a graph showing the normalized power requirements 
needed to transmit signals at different rates on a fading charmel. 

FIG. 7 is a flowchart illustrating a method of the present invention 
for changing the power transmission levels to a data rate from a low rate. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A communication system, and in particular, a power control 
apparatus and method for the system, is described in detail herein. In the 
5 following description, numerous specific details are set forth in order to 
provide a thorough understanding of the present invention. One skilled in the 
relevant art, however, will readily recognize that the present invention can be 
practiced without these specific details. In other instances, well-known 
structures are not shown in detail in order to avoid obscuring the present 
10 invention. 

FIG. 2 illustrates an exemplary cellular subscriber communication 
system 50 in which the present invention may be embodied. The system of 
FIG. 2 preferably utilizes spread spectrum modulation techniques such as 
CDMA for communicating between users of mobile stations {e,g,, mobile 

15 telephones) and cell-sites or base stations. In FIG. 2, the mobile station 52 
commimicates with the base station controller 54 by means of one or more bases 
of the stations 56a, 56b, etc. The base station controller 54 is coupled to and 
typically includes interface and processing circuitry for providing system 
control to the base stations 56a and 56b. The base station controller 54 also 

20 couples to and commimicates with other base stations, and possibly even other 
base station controllers. 

When the system 50 is configured to process telephone calls, the 
base station controller 54 routes telephone calls from a public switched 
telephone network (PSTN) to one of the base stations 56a or 56b for 

25 transmission to the appropriate mobile station 52. Also, the base station 
controller 54 functiorxs to route calls from the mobile station 52 via at least one 
of the base stations 56a or 56b to the PSTN. Additionally, the base station 
controller 54 connects calls between a mobile station 52 and other mobile 
stations (not shown). 

30 The base station controller 54 couples to the base stations 56a and 

56b by various means such as dedicated telephone lines, optical fiber links or 
microwave communication links. The double-arrowed lines shown in FIG. 2 
define the possible communication links between the mobile station 52 and the 
base stations 56a and 56b, and between the base stations and the base station 

35 controller 54. 

Each of the base stations 56a and 56b provides service to a 
roughly defined, but overlapping, geographical region known as a cell. In 
which cell a mobile station 52 is currently located generally determines which 



wo 99/01944 PCT/US98/13677 

9 

of the base stations 56a or 56b commtmicates with the mobile station. When the 
mobile station 52 moves from one cell to another, the base station controller 54 
coordinates a handoff ("soft handoff") from one base station to another, for 
example, from the base station 56a to the base station 56b. Those skilled in the 
5 art will recognize that a handoff may occur for other reasons besides a mobile 
station 52 moving from one geographic cell site to another, such as changes in 
system usage of the propagator path. 

HG. 3 shows more detail of the signal transmission and reception 
system within the communication system of FIG. 2. Referring to FIG. 3, a first 

10 communication device or transmission system 2 transmits data to a second 
communication device or receiving system 4. The mobile station 52 and the 
base stations 56a and 56b preferably include both the transmission system 2 and 
the receiving system 4. In the following description, the present invention is 
generally described as controlling power from the transmission system 2 at the 

15 base station 56a, in accordance with the received power at the receiving system 
4 at the mobile station 52. Those skilled in the art, however, will readily 
recognize that the present invention is equally applicable to power control of 
the transmission system 2 at the mobile station 52. Additionally, while the 
mobile station 52 is generally described herein, the invention is equally 

20 applicable to any norunobile (fixed) station. In an exemplary embodiment, the 
present invention is implemented in a wireless communication system which 
communicates using spread spectrum modulation signals. Communication 
using spread spectrum communication systems is described in detail in the 
aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459. 

25 A variable rate data source 6 provides variable rate data frames 

for transmission to a Cyclic Redimdancy Check (CRC) and Tail Bit Generator 8. 
In the exemplary embodiment, the data source 6 is a variable rate vocoder for 
encoding speech information at four variable rates as described in detail in U.S. 
Patent No. 5,414,796, entitled "VARIABLE RATE VOCODER," assigned to the 

30 assignee of the present invention and incorporated by reference herein. When 
used, for example, in a cellular telephone environment, the signal is transmitted 
at the full rate to transmit speech {i.e., when a user is talking) and is transmitted 
at the eighth rate, or idle rate, to transmit silence {i.e., when the user is not 
talking). The eighth rate reduces the number of bits transmitted, thereby saving 

35 power and reducing interference with other channels. In general, 90% of the 
signals transmitted by the transmission system 2 to the receiving system 4 are 
either at the full or one-eighth rate. The one-half and one-quarter rates 
represent transitional rates between the full and eighth rates. 
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In the exemplary embodiment, there are two rate sets. A first rate 
set is used, for example, for transmitting speech data and uses data rates 
between approximately 1.8 kbs and 9.6 kbs. The second rate set is used for 
transmitting other digital data and can supply data at higher rates ranging up 
5 to, for instance, 64 kbps. The commimication system 50 employs the higher 
rates when transmitting large amoimts of data. (The higher rates are generally 
referred to herein collectively as the "high rate.") Transmitting data at the high 
rate can be more efficient than transmitting data at the low rate. Therefore, 
from a power use standpoint, it is preferable to have a short transmission at a 

10 high rate than a longer transmission at one of the low rates. Generally, when 
not transmitting voice or other data, signals are exchanged between the mobile 
station 52 and the base station 56a at the eighth rate, whereas voice traffic is 
transmitted at the full rate. Examples of data transmitted at the high rate 
include video data, modem data, facsimile data, package tracking data, 

15 automatic meter reading data, stock market data, Internet data, etc. 

Transmitting data at the correct power level reduces data loss and 
can extend battery life in the mobile station 52. When data is transmitted from 
the transmission system 2 at a power level too low for conditions, data is lost or 
received in error. When the transmission system 2 transmits data with too 

20 much power, it causes unnecessary interference with other users in the system 
and reduces system capacity. Additionally, if the transmission system 2 is 
located in a mobile station 52 with a portable battery, transmitting at the correct 
power level can extend the time period between charges. 

The generator 8 generates a set of CRC bits to provide error 

25 detection at the receiver as is well known in the art. In addition, the generator 8 
appends a sequence of tail bits to the frame. In the exemplary embodiment, the 
generator 8 generates the set of CRC and tail bits in accordance with the 
Telecommunications Industry Association's TIA/EIA/IS-95-A Mobile Station- 
Base Station C ompatibility Standard for Dual-Mode Wideband Spread 

30 Spectrum Cellular System . 

The data frame is provided by the generator 8 to an encoder 10 
which encodes the data as symbols for error correction and detection at the 
receiver. In the exemplary embodiment, the encoder 10 is a rate 1/2 
convolutional encoder. The encoded s)mribols are provided to an interleaver 12, 

35 which reorders the encoded symbols in accordance with a predetermined 
interleaving format. In the exemplary embodiment, the interleaver 12 is a block 
interleaver, the design and implementation of which is well known in the art. 

The reordered frame is then provided to a modulator 14 which 
modulates the frame for transmission. In the exemplary embodiment, the 
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modulator 14 is a CDMA modulator, the implementation of which is described 
in detail in the aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459. The 
modulated data frame is provided to a signal transmitter (TMTR) 16. The 
signal transmitter 16 upconverts and amplifies the signal for transmission 
5 through an antenna 18. 

The transmitted signal is received by an antenna 20 of the 
receiving system 4, such as a cellular phone, and provided to a receiver (RCVR) 
22 which down converts and amplifies the received signal. The received signal 
is then provided to a demodulator (DEMOD) 24 which demodulates the signal. 

10 In the exemplary embodiment, the demodulator 24 is a CDMA demodulator 24, 
the implementation of which is described in detail in the aforementioned U.S. 
Patent Nos. 4,901,307 and 5,103,459. 

The demodulated signal is then provided to a diversity combiner 
26. The diversity combiner 26 combines the demodulated signal from the 

15 demodulator 24 with demodulated signals from other demodulators (not 
shown) which demodulate the same signal except provided on a different 
propagation path. The design and implementation of the diversity combiner 26 
is described in detail in the aforementioned U.S. Patent No. 5,109,390. The 
diversity combined signal is provided to a de-interleaver 28 which re-orders the 

20 symbols in the frame in accordance with a predetermined re-ordering format as 
is well known in the art. 

The re-ordered frame is then provided to a multi-rate decoder 30, 
which provides error correction on the frame of symbols. The decoder 30 
decodes the data based on a predetermined set of rate hypotheses. In the 

25 exemplary embodiment, the decoder 30 is a multi-rate Viterbi decoder as is 
described in detail in the copending U.S. Patent Application Serial 
No. 08/126,477, entitled "MULTIRATE SERIAL VITERBI DECODER FOR 
CODE DIVISION MULTIPLE ACCESS SYSTEM APPLICATIONS," filed 
September 24, 1993, assigned to the assignee of the present invention and 

30 incorporated by reference herein. 

In the exemplary embodiment, the decoder 30 decodes the 
symbols for each of the possible rates to provide separately decoded frames of 
data, each of which is provided to a CRC check detector 32. The CRC check 
detector 32 determines under conventional techniques whether the cyclic 

35 redundancy check bits for each frame are correct for the decoded data. The 
CRC check detector 32 performs a CRC check for the CRC bits in the decoded 
frames to help determine at which rate the currently received frame was 
transmitted. 
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In addition, the decoder 30 provides the decoded data to a symbol 
error rate (SER) check detector 34. The SER detector 34 receives the decoded 
bits and an estimate of the received symbol data from the decoder 30. 
Furthermore, the decoder 30 provides information to a Yamamoto check 
5 detector 36 which provides a confidence metric based on the difference between 
the selected path through a trellis and the next closest path through the trellis. 

A control processor 38 receives the CRC check bits, SER values 
and Yamamoto values from the detectors 32, 34 and 36, respectively. The 
processor 38 then determines at which of the four rates the currently received 

10 frame was sent or declares an erasure. Based on the rate determined by the 
processor 38 in the absence of a frame erasure, the control processor provides a 
signal to the decoded frame buffer 40, which in response thereto, outputs the 
stored frame decoded at the determined rate. 

Under the communication system of FIG. 3, the signal transmitted 

15 by the transmission system 2 to the receiving system 4 can rapidly change 
between the transmission rates. In the exemplary embodiment, the signal does 
not include an indication as to the rate at which the signal is being transmitted. 
Therefore, the transmission system 2 transmits a frame at a current rate, and a 
control processor 38 and the decoder 30 of the receiving system 4 determine at 

20 which rate the currently received frame was sent. The appropriately decoded 
signal can then be input to, for example, a vocoder, amplifier and speaker (not 
shown) to output a voice signal to be heard by a user of the receiving system 4. 
Further details regarding the estimation of the transmitted rate are described in 
the inventor's copending U.S. Patent Application, Serial No. 08/730,863, 

25 entitled "METHOD AND APPARATUS FOR DETERMINING THE RATE OF 
RECEIVED DATA IN A VARIABLE RATE COMMUNICATIONS SYSTEM,'' 
filed on October 18, 1996, assigned to the assignee of the present invention and 
incorporated by reference herein. 

As stated above, the transmission system 2 at the mobile station 52 

30 transmits power control messages to the receiving system 4 at the base station 
56a. The power control messages reflect the measured power level of the 
signals received by the receiving system 4. These power control messages can 
have large or small bandwidths. FIGS. 4 and 5 show examples of power control 
systems having different power control bandwidths. When the rate of power 

35 control messages is high, as in FIG. 4 and when, the delay of changes in power 
caused by changes in the channel condition is relatively small, the transmission 
power control reacts quickly in response to changes in the propagation path 
and the user maintains a clear signal. Conversely, when the power control 
bandwidth is small, as shown in FIG. 5 and when the delay of changes in power 
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caused by changes in the channel condition is relatively long, the transmission 
power changes do not quickly react to the degradation in signal quality 
resulting in an increase in frame errors or the call dropped entirely. 

A control processor 38 determines, either based on power 
5 received by RCVR 22 or by detection of frame error, whether power should be 
increased or decreased. A signal indicating this determination is provided to a 
power control message generator 41. The message generator 41 generates a 
power control message which is punctured via a transmission subsystem 42 
and a duplexer 43 into an outgoing data stream. It is received by a receiving 

10 subsystem 46 and provided to a demultiplexer 47 which separates the power 
control message from data. The power control message is provided to a power 
control processor 48 which determines any necessary power adjustment. 

The relationship between transmission power and signal quality 
in a communication system 50 is difficult to quantify because the chaimel 

15 conditions are continuously changing. When the power levels are too high for 
the channel conditions, uimecessary interference with other transmissions may 
occur. When the power levels drop too low for the charmel conditions, audible 
dropouts, or incomplete data transmissions occur, as stated above. The 
relationship between power and error rates is shown in FIGS. 6A and 6B. These 

20 figures depict power levels necessary to transmit data at a low rate versus 
transmitting data at a high rate. HG. 6A shows these levels in an ideal Additive 
White Gaussian Noise (AWGN) channel FIG. 6B depicts these levels in a 
fading chaimel. 

The graph 200 of FIG. 6A shows normalized power requirements 
25 of a transmission system 2 versus a frame error rate plotted on a low rate curve 
202 and a high rate curve 204. Normalized power in this exemplary graph is 
measured in xmits of bit energy normalized by noise. The curves depict the 
normalized power necessary to transmit data at different error rates. For 
instance on the high rate curve 204, it takes less normalized power to transmit 
30 data at a 15% error rate, labeled point 220, versus an error rate of 1% labeled 
point 216. Since data transmission is more efficient at a high rate, the high rate 
curve 204 appears to the left of the low rate curve 202. However, since many 
more bits are transmitted at the high rate versus transmitting data at the low 
rate, more total power can be required to trar\smit at the high rate. Depending 
35 on a number of variables, for instance atmospheric conditions, the normalized 
power level required for transmitting data at lower rates may be less than that 
required for transmitting at higher rates. In these circumstances,- the high rate 
curve 204 will appear to the right of the low rate curve 202. 
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Before changing the transmission rate of data from the low rate set 
to the high rate set, many options are considered. For example, assume that 
data transmits at the low rate having a 1% frame error rate, shown as a point 
210. For data transmitted at the high rate having the same frame error rate as 
5 data transmitted at the low rate, less normalized power is required. 
Graphically, that change is shown as moving from the point 210 on the low rate 
curve 202 along a path 215 to a point 216 on the high rate curve 204. The 
decrease in power per bit for this change in rate is the difference on the 
normalized power axis of the graph 200, depicted as 217. As stated above, it 
10 takes less normalized power per bit to transmit data at a high rate as compared 
to a low rate, but the overall consumed power is greater, given the greater 
number of bits. 

Data transmitted at a high rate is usually less time sensitive than 
data transmitted at a low rate. For example, a two second delay in 

15 downloading data from the Internet may go urmoticed, whereas a two second 
delay in a telephone conversation is tmacceptable. By increasing the frame 
error rate of 1% for the low rate to a 15% error rate for the high rate, a power 
savings is achieved over keeping the error rates the same for both the low and 
high rates, as shown in the previous example. This scenario is shown on FIG. 

20 5 A as traveling along a path 219 from the point 210 on the low rate curve 202 to 
the point 220 on the high rate curve 204. The per bit power savings is shown as 
the per bit differences in power, labeled 221, which is the largest savings 
example shown on the graph 200. Typically, a 15% error rate is unacceptable 
for such data and is used here for iUustration. 

25 Alternatively, changing power levels by a specific amount 

regardless of error rate changes may be preferred. For example, if data is 
transmitted at the error rate shown at the point 210, the transmission system 2 
could change the normalized power output by a fixed level such as that shown 
as the per bit power difference, 213. This change causes a frame error rate on 

30 the high rate curve 204 to be between 0.1% and 1%, shown as a point 212. The 
path for this example is shown as traveling along a path 211 from the point 210 
to the point 212. 

Rate and power level changes are controlled by control processor 
38 of FIG. 2. The control processor 38 determines whether the transmitted 
35 power of communication device 2 is adequate. The power levels received are 
examined and compared to a power threshold which varies depending on 
whether data is being sent at a high or low rate. Alternatively, the control 
processor 38 compares the number of frames received in error to a threshold 
error rate which varies depending on whether high rate data or low rate data is 
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sent Finally, the control processor 38 can adjust the received energy threshold 
based on a frame error rate threshold that varies based on whether data is sent 
via the high rate or low rate. 

The control processor 38 makes the determinations of the 
5 preferred power level in conjimction with receiver 22 and decoder 24. The 
receiver 22 measures the received energy and provides this data to control 
processor 38. The mechanism by which the energy is measured by the receiver 
22 can be implemented in a number of ways and is well known in the art. 
Based on that data, the processor can compare the received power to the 

10 threshold level as described above. If the control processor 38 determines that 
the received power signals are below the threshold level, it instructs the power 
control message generator 41 to generate a message indicating power levels 
should be increased by a specific amount, as described above. That message is 
incorporated with other data signals and fed to the transmission subsystem 42, 

15 leading to the duplexer 43, and the signals are transmitted from the receiving 
system 4 via the antenna 20. These signals are transmitted to and received by 
an antenna 45 of the transmission system 2, but could also be received at the 
antenna 18 and then travel through another duplexer (not shown). These 
power control signals are transferred to the receiving subsystem 46 which in 

20 turn transfers them to the demultiplexer 47 to strip out the data signals for use 
tn other parts of the receiving system 4. The power control signals are then fed 
to the power control processor 48 which changes the power levels by the 
specific amount determined by the control processor 38 of the receiving system 
4. 

25 Additionally, the decoder 22 provides to the control processor 38 

data relating to frames received in error. The control processor 38 can then 
analyze frames received in error or calculate the rate of frames received in error. 
Once compared, the control processor 38 sends to the power control message 
generator 41, a signal indicating the frame error rate should be changed, as 

30 described above. From that point, the method of communicating the power 
control change is identical to the preceding paragraph. 

The exemplary graph 240 of FIG. 6B shows curves similar to those 
in graph 200, but for a fading channel. Power levels are shown changing from a 
point 210' on a low rate curve 202' to points 220', 216', and 212' on a high rate 

35 curve 204', along paths 219', 215', and 211', respectively. Corresponding 
changes in normalized power are seen at 221', 217', and 213'. 

There are several reasons why different transmitting power levels 
are necessary depending on the transmission rate. First, the transmission 
system 2 takes more power to transmit data at a high rate as compared to 
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transmitting it at a low rate. Second, the transmission system 2 needs differing 
power levels because of changes in the frame error rate. For example, changing 
the frame error rate levels from the point 212 to the point 220 in FIG. 6A reduces 
the power required for transmission while keeping the rate of data transmission 
5 the same. Third, the transmission system 2 uses different amovmts of power 
because of different channel conditions. It takes more power to transmit data at 
a high rate in a noisy (fading) channel compared to transmitting it in an ideal 
AWGN channel. Additionally,* transmitter power levels can differ because of 
the bandwidth of the power feedback channel. As stated above, if the feedback 

10 bandwidth is small and power level changes compensating for changing 
conditions cannot be made rapidly, estimation of power needed to transmit 
data at a high rate may be inaccurate. 

A way to increase the power efficiency in a transmission system 2 
can be seen graphically in an example using FIG. 6A. The low transmission rate 

15 curve 202 approximates the normalized power used for all of the low rates, 
including the eighth, quarter, half, and full rates. A change in the transmission 
rate from one of these low rates to another low rate, even when also changing 
frame error rates, will not save much power. This is contrasted to a per bit 
power savings of transmitting data at the high transmission rate shown in 

20 FIG. 6A as the curve 204. Not only is each bit transferred in a more power- 
efficient maimer than at the low rate, but also a larger number of bits are 
transferred. Thus, the per bit savings for every bit transmitted at the high rate 
multiplied by the number of bits transmitted totals a large power savings. 

While transmitting data at the high rate is efficient, the large 

25 number of bits transmitted requires a large amoimt of power. Because the base 
station 56a has a limited amoimt of power for all of the transmissions within 
that base station, it is possible that more transmissions are desired to be made 
than can be made. Sometimes, some of the transmission systems 2 require all of 
the power within a base station 56a for a short period of time, such as during 

30 high rate transmissions. When this occurs, other transmission systems 2 that 
are trying to send data at the same time are forced to wait imtil the base station 
56a completes one of the current transmissions. With the power savings gained 
by this invention, a more efficient distribution of the limited power in a base 
station 56a is obtained. 

35 Referring to FIG. 7, an exemplary routine 300 is shown for 

changing the power levels when sending data at the high rate after sending 
data at one of the low rates. This method uses an efficient system of tailoring 
the power requirements for better overall communication within the system 50. 
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Routine 300 begins at step 310 with the transmission system 2 of 
the base station 56a operating at an idle rate. This rate occurs when the base 
station 56a is sending no voice or data to the receiving system 4 in the mobile 
station 52. Unless transmitting a large amoimt of data, the transmission system 
5 2 is normally in this idle state. For example, in the exemplary variable rate 
decoder, the transmission system 2 returns to this idle rate from the full rate 
during pauses in a normal telephone conversation. Data is presented to the 
base station 56a for a high rate transfer in step 320. This data could be any data 
to be transmitted at the high rate as described above. Such data may need to be 

10 transmitted at the high rate for reasons such as the type of data being 
transmitted, as well as for reasons of time, power savings, or overall efficiency 
of the communication system 50. For example, an automatic meter reading 
may not necessarily need to be transmitted in a short time period. However, if 
it is more efficient for the communication system 50 to transmit this data at a 

15 high rate having a power savings over the low rate, it is more efficient to 
transmit this data at the high rate. Additionally, during polling of multiple 
meters, large amounts of data typically must be transmitted during a short 
period of time. 

In step 330, the base station 56a sends a signal to the mobile 

20 station 52 to increase the bandwidth of the forward link power control 
information transmitted over the reverse link. Increasing the power control 
bandwidth on the reverse link causes information to be sent at a higher rate to 
the transmission system 2 indicating the quality of the forward link. It is 
accomplished by the base station 56a sending an appropriately encoded signal 

25 which is decoded by the mobile station 52. The mobile station 52 in response 
thereto increases the bandwidth of its power control information, by, e.g., 
transmitting one or more power control messages per several frames. The 
power control messages can be transmitted, or punctured, within the voice or 
traffic channel, or transmitted over an alternative channel. The methods for 

30 , transmitting power control messages are known to those skilled in the art, such 
as described in the patents noted above. 

The increased power control information is necessary to 
accurately predict the power needed to transmit data at the higher data rate 
over the forward link. Without a good prediction, data signals may be lost if 

35 the power is too low, or they may impair other data transmissions if the power 
is too high. Since more power is required when sending data at the high rate, 
due to the large number of bits, power saving is more critical than when 
transferring data at the low rate. 
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In step 340, the transmission system 2 at the base station 56a sends 
a signal to the receiving system 4 in the mobile station 52 indicating that the 
transmitter will begin transmitting frames at the full rate. Although it is 
possible for the receiving system 4 to determine the transmission rate, fewer 
5 errors occur in such determinations if the receiver is informed at which rate 
frames are transmitted. The base station 56a instructs the mobile station 52 that 
the base station is switching to the full rate by sending an appropriate control 
signal. The control signal informs the mobile station 52 that the next frame (or 
some number N frames thereafter) will be transmitted at the full rate. More 

10 specifically, the signal instructs the mobile station 52 to decode the next (or Nth) 
frame at the full rate, rather than computing the CRC, SER and Yamamoto 
values and determining the rate therefrom. Thus, the mobile station 52 makes 
no errors in determining the rate of the next received frame. 

After informing the mobile station 52 that the base station 56a is 

15 switching to full rate in step 340, the base station in fact switches to the full rate 
in optional step 350. One reason the transmission system 2 transmits frames at 
the full rate in step 350 is to provide more power control information about the 
forward link channel to the receiving system 4 in mobile station 52. One reason 
more power control information is gathered at the full rate rather than the idle 

20 rate is the frequency at which the power control information can be measured. 
This information is sent once every frame when transmitting at the full rate, 
whereas the information is sent only once every ten frames when operating at 
the idle rate, as in step 310. Another reason that there is more power control 
information at the full rate is because data is transmitted more often at the full 

25 rate than at the idle rate. 

In step 360, the transmission system 2 in the base station 56a 
estimates the power level necessary for transmitting frames at the high rate. 
The transmission system 2 employs the power control information received 
from the receiving system 4 (at the full rate) to estimate the forward link 

30 channel conditions. For example, if the forward link chaxmel is similar to an 
AWGN channel (FIG. 6A), less power is required than if the channel suffers 
from fading (FIG. 6B). 

In step 360, the transmission system 2 in the base station 56a can 
also attempt to obtain additional power control information so as to more 

35 accurately estimate the forward link channel condition and the amotmt of 
power necessary to transmit frames at the high rate. For example, the 
transmission system 2 may transmit one or more frames at the high rate, for a 
short period of time, and then interpret the power control messages received in 
response thereto. Therefore, although it uses more power, it is advantageous 
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to initially transmit signals at higher rates, even for a short period of time, in 
order to more accurately predict the power levels necessary for data 
transmission at the data rate. The power level is predicted more accurately 
becaxise there is a greater signal to noise ratio when transmitting at the full or 
high rates than when transmitting at a lower rate. 

In a related embodiment, the feedback bandwidth of the reverse 
link is increased, thereby providing information concerning the forward link 
channel conditions faster than the information had been provided previously. 
The feedback bandwidth on the reverse link is increased by changing from the 
eighth, or idle rate, to either the quarter, half, or full rates. This embodiment 
can be used alone, or combined with the higher rate of forward link 
communication, as described above, for even greater power control efficiency. 

In an altemative embodiment, the receiving system 4 in the base 
station 56a stores a power level previously measured when data was previously 
sent at the high rate. In this embodiment, power and time spent to estimate the 
proper new power level is decreased or avoided if the channel condition is 
similar to that previously used. In this case, the transmission system 2 requests 
the receiving system 4 to set the transmitter power at the setting previously 
used for high rate transfers. The transmission system 2 then transmits one or 
more frames at this recalled power setting. The recalled power setting is 
evaluated for the current conditions of the charmel, if the channel is 
substantially imchanged from the prior transmission, the recalled power level is 
appropriate. 

Increased power control management may also be used for 
greater efficiency of high rate data transmission on the reverse link. If the 
reverse link is operating at the idle, or eighth rate, and data is received for 
transmission along the reverse link, one embodiment allows the reverse link to 
change transmission rates to the full rate, which concurrently increases the 
feedback bandwidth for better performance. 

In another embodiment, the reverse link power control bandwidth 
can be increased by other means if the system is not currently based on the 
reverse link channels. For example, the base station 56a could direct the mobile 
station 52 to transmit at a given rate not based on channel conditions, as 
described above. 

In a further embodiment, the mobile station 52 can transmit data 
on the reverse link at a higher power level, which is then used by the base 
station 56a to improve measurement accuracy as described above. 
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Finally, any or all of the above embodiments for preparing the 
reverse channel for high rate transmission can be combined for even greater 
accxiracy of pov/er control and efficiency of data transmission. 

Step 360 promotes efficiency because it allows the mobile station 
5 52 and base station 56a to estimate and then test the proper pov^er level 
necessary to send data at the high rate. The purpose of such precise estimation 
is to ensure that the data transferred at the high rate will have enough power to 
be properly decoded, but not so much power as to temporarily prohibit other 
transmissions. When each mobile station 52 and base station 56a are operating 
10 at their highest efficiency, the efficiency of the commimication system 50 is 
maximized. 

In step 370, the transmission system 2 in the base station 56a sends 
a high rate notification to the receiving system 4 in the mobile station 52. This 
step is similar to step 340, and is necessary to avoid data loss which can happen 

15 when incorrectly determining the transmission rate, as noted above. After the 
power level has been correctly set and the mobile station 52 has been properly 
notified about the increased data rate, the base station 56a sends frames at the 
high data rate. The frames are transmitted over the forward link channel at the 
power previously estimated under step 360. While such data is transmitted at 

20 the high rate, the mobile station 52 continues to transmit power control 
messages back to the base station 56a, Therefore, the base station 56a, while 
transmitting at the high rate, appropriately adjusts the power if the previously 
estimated power level was incorrect. In general, the routine 300 allows the 
system 50 to increase its transmission rate and power control feedback to 

25 estimate the proper power at which to transmit frames at the high rate. Thus, 
an advantage over the prior art is that less power is wasted by sending the data 
with excess power without estimating channel conditions, and data loss by 
transmitting the data with insufficient power is minimized. 

The teachings provided herein of the present invention can be 

30 applied to other communication systems, not necessarily the exemplary CDMA 
communication system described above. For example, the present invention is 
equally applicable to other digital or analog cellular communication systems. 
The present invention can also be modified, if necessary, to employ the systems, 
circuits and concepts of the various patents and applications described above, 

35 all of which are incorporated herein by reference as if set forth in their enhrety. 

These and other changes can be made to the invention in light of 
the above detailed description. In general, in the following claims, the terms 
used should not be construed to limit the invention to the specific embodiments 
disclosed in the specification and the claims, but should be construed to include 
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any communication system that operates in accordance with the claims to 
provide channel quality monitoring and power control. Accordingly, the 
invention is not limited by the disclosure, but instead its scope is to be 
determined entirely by the following claims. 

5 

I CLAIM: 
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CLAIMS 

1. A method for controlling transmission signal power in a 
commimication system having at least one base station and at least one user 
station, wherein a user of said user station transmits reverse link signals to and 
receives forward Imk signals from said base station, the method comprising the 
steps of: 

sending signals at a low rate from at least one of said user stations 
and said base station; 

selecting said transmission signal power required to send data 
signals at a data rate, said data rate being faster than said low rate; 

changing said transmission signal power to match said selected 
transmission signal power of said data rate; 

sending data signals at said data rate from at least one of said user 
stations and said base station. 

2. The method of claim 1 wherein the step of sending signals 
at a low rate includes the step of determining an error rate of signals sent and 
wherein the step of selecting said transmission signal power further includes 
the steps of: 

determining a new error rate based on a condition of said reverse 
link channel; and 

evaluating said transmission signal power using said new error 
rate for a plurality of alternative rates of sending said signals. 

3. The method of claim lor 2 wherein the step of selecting 
said transmission signal power further includes the step of: 

changing a transmission rate to a full low rate from said low rate, 
said low rate being a rate slower than said full low rate. 

4. The method of claim 1, 2 or 3 wherein the step of selecting 
said transmission signal power further includes the step of: 

providing instructions to begin transmission at said full low rate 
from said low rate, said full low rate being a rate slower than said data rate but 
faster than said low rate. 

5. The method of any preceding claim wherein said base 
station and said user station transmit signals over forward and reverse links, 
respectively, said forward and reverse links each containing a communication 
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4 channel and a feedback channel and each channel having a separate channel 
bandwidth, wherein the step of selecting said transmission signal power further 
6 includes the steps of: 

increasing said bandwidth of said feedback channel of said 

8 reverse lirJc; 

receiving increased bandwidth power control signals over said 
10 feedback channel of said reverse link; and 

estimating said transmission signal power required to send data 
12 signals at a data rate based on said increased bandwidth power control signals. 

6. The method of any preceding claim wherein said data rate 
2 is a multiple of said low rate, said multiple having a value greater than 4. 

7. The method of any preceding claim wherein the step of 
2 selecting said transmission signal power includes the steps of: 

sending a selected short duration of signals at said data rate; 
4 receiving and determining a quality of said selected short 

duration signals; 

6 trarismitting a power control message based on said determined 

quality; and 

8 estimating said transmission signal power based on said power 

control message. 

8. The method of any preceding claim wherein the step of 
2 selecting said transmission signal power includes the step of: 

providing instructions to begin transmission at a power level 
4 higher than a current power level. 

9. The method of any preceding claim further comprising the 
2 step of providing instructions to begin trarismission at said data rate, prior to 

the step of sending data signals at said data rate. 

10. A method for controlling transmission signal power in a 
2 communication system having at least one base station and at least one user 

station, wherein a user of said user station transmits reverse link signals to and 
4 receives forward link signals from said base station, the method comprising the 
steps of: 

6 at said base stahon, transmitting data at a low rate; 
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presenting data to said base station for transmission at a high rate, 
8 said high rate being faster than said low rate; 

at said base station, sending a signal to said user station to 
10 increase a bandwidth of power control information signals transmitted from 

said user station to said base station ; 
12 at said base station, sending a second signal to said user station 

indicating said base station is beginning to transmit frames at a full rate, said 
14 full rate being a rate between said low and high rates; 

at said user station, switching transmission speed to said full rate; 
16 estimating transmission signal power required to trai\smit data at 

said high rate based on said increased bandwidth of said power control 
18 information; 

changing said transmission signal power to said estimated 
20 transmission signal power; and 

at said base station, notifying said user station that said base 
22 station is beginning to transmit said second type of data at said high rate. 

11. The method of claim 10 wherein the step of sending signals 
2 at a low rate includes the step of determining an error rate of signals sent and 

wherein the step of estimating said transmission signal power further includes 
4 the steps of: 

determining a new error rate based on a condition of said reverse 
6 link channel; and 

evaluating said transmission signal power using said new error 
8 rate for a plurality of alternative rates of transmitting said signals. 

12. The method of claim 10 or 11 wherein the step of switching 
2 transmission speed further includes the step of: 

said user station instructing said base station to begin 
4 transmission of said forward link signals at said full low rate from said low rate, 
said low rate being a rate slower than said full low rate. 

13. The method of claim 10, 11 or 12 wherein said high rate is a 
2 multiple of said low rate, said multiple having a value greater than 4. 

14. The method of any of claims 10 to 13 wherein the step of 
2 estimating said transmission signal power includes the step of: 
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providing instructions to begin transmission at a power level 
higher than that needed to send signals at said low rate, said higher power level 
aiding said estimating of said transmission signal power. 

15. A communication system comprising: 
at least one base station; 

at least one user station, said stations exchanging commimication 
signals with each other; 

means for sending data transmissions at a low rate, said 
transmissions being sent at a signal transmission power; 

means for estimating signal transmission power required to send 
data transmissions at a data rate, said data rate being faster than said low rate; 

means, coupled to said means for sending, for changing said 
signal transmission power to match said estimated transmission signal power; 
and 

means, coupled to said means for changing, for transmitting data 
transmissions at said data rate. 

16. The system of claim 15 wherein said means for sending 
signals at a low rate includes means for determiiung an error rate of signals sent 
and wherein the means for estimating signal transmission power further 
includes: 

means for determining a new error rate based on a condition of 
said reverse link channel; and 

means for evaluating said transmission signal power using said 
new error rate for a plurality of alternative rates of sending said data 
transmissions. 

17. The system of claim 15 or 16 wherein said means for 
estimating signal transmission power further includes: 

means for changing a trar\smission rate to a full low rate from said 
low rate, said low rate being a rate slower than said full low rate. 

18. The system of claim 15, 16 or 17 wherein said means for 
estimating signal transmission power further includes: 

means for providing instructions to begin transmission at said full 
low rate from said low rate, said full low rate being a rate slower than said data 
rate but faster than said low rate. 
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19. The system of any of claims 15 to 18 wherein said base 
2 station and said user station transmit signals over forward and reverse links, 

respectively, that each contain a communication channel and a feedback 
4 chaimel, each chaimel having a separate channel bandwidth, and wherein the 

means for estimating signal transmission power further includes: 
6 mear\s for increasing said bandwidth of said feedback channel of 

said reverse link; 

8 means for receiving increased bandwidth power control signals 

over said feedback chaimel of said reverse link; and 
10 means for estimating said transmission signal power required to 

send data signals at a data rate based on said increased bandwidth power 
12 control signals. 

20. The system of any of claims 15 to 19 wherein said data rate 
2 is a multiple of said low rate, said multiple having a value greater than 4. 

21 . A communication system comprising: 

2 a base station configured normally to transmit a current 

commimication signal as a forward link signal at a transmission signal power 
4 corresponding to a low data rate; 

at least one user station configured to receive said current 
6 communication signal, determine a level of said current commimication signal, 

and transmit a current control message as a reverse ]mk signal; and 
8 wherein said base station is configured to estimate a 

transmission signal power required to send data signals at a data rate based on 
10 said current control message, said data rate being faster than said low rate, 
change said transmission signal power to match said estimated transmission 
12 signal power, and send data signals at said data rate to said user station. 

22. The system of claim 21 wherein said base station is further 
2 configured to change a trai\smission rate of communication signals on said 

forward link to an intermediate rate, said low rate being a rate slower than said 
4 intermediate rate. 

23. The system of claim 21 or 22 wherein said base station is 
2 further configured to instruct said user station to begin decoding 

communication signals received on said reverse link signals at an intermediate 
4 rate, said low rate being a rate slower than said full low rate. 



wo 99/01944 



PCT/US98/13677 



27 

24. The system of claim 21, 22 or 23 wherein said forward lii\k 
2 and said reverse link each contain a commimication channel and a feedback 

channel, each channel having a separate channel bandwidth, and wherein said 
4 base station is configured to instruct said mobile station to increase said 

bandwidth of said feedback channel of said reverse link, receive an increased 
6 bandv^dth control message over said feedback channel of said reverse link, and 

estimate said transmission signal power required to send data signals at a data 
8 rate based on said increased bandwidth control message. 

25. The communication system of claim 21, 22, 23, or 24 
2 wherein said base station is a cellular telephone base station, wherein said user 

station is a cellular telephone, and wherein said cellular telephone base station 
4 is configured to transmit said current communication signal as a code division 
multiple access (CDMA) spread spectrum commimication signal. 

26. An apparatus for a commimication system having a base 
2 station and a user station, said base station transmitting signals to and receiving 

signals from said user station, the apparatus comprising: 
4 a transmitter that transmits a current communication signal at a 

low rate; 

6 a receiver that receives a control message corresponding to said 

current commimication signal; and 
8 a processor coupled to said receiver and said transmitter, said 

processor being configured to estimate a transmission signal power required to 
10 send new commimication signals at a high rate based on said control message, 

said high rate being faster than said low rate, and 
12 wherein said transmitter is configured to send said new 

communication signals at said high rate at said estimated transmission signal 
14 power. 

27. The apparatus of claim 26 wherein said base station 
2 includes said receiver, transmitter and said processor, and wherein said 

receiver is configured to receive said control message from said user station, 
4 and wherein said transmitter is configured to transmit said current and new 
communication signals to said user station. 

28. The apparatus of claim 26 or 27 wherein said mobile station 
2 includes said receiver, transmitter and said processor, and wherein said 
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receiver is configured to receive said control message jfrom said base station, 
and wherein said transmitter is configured to transmit said current and new 
commimication signals to said base station. 

29. The apparatus of claim 26, 27 or 28 wherein said processor 
is configured to change a transmission rate of new commimication signals to an 
intermediate rate from said low rate, said low rate being a rate slower than said 
intermediate rate. 

30. The apparatus of any of claims 26 to 29 wherein said 
processor is configured to provide a message instructing that said new 
commimication signals are to be decoded at an intermediate rate, said low rate 
being a rate slower than said intermediate rate. 

31. The apparatus of any of claims 26 to 30 wherein said 
processor is configured to provide a message instructing that a bandwidth of 
said control messages be increased. 



wo 99/01944 



PCT/US98/13677 



1/6 



20ms 



REVERSE 

LINK 
POWER 
CONTROL 

-►I 



1.25ms 



PREVIOUS 
FIG. lA ^AME_| 



I 



0 1 2 3 4 5 6 7 8 9 10 11 12 131415' 



PREVIOUS 

FIG. IB -^AME_ 



PREVIOUS 
HG. IC -^AME_ 



PREVIOUS 

FIG. ID 




1 



m 



m. 



1/2 
IRATE 



0 1 2V3 4 5 6 7 8 9 10 11 12 13 1415 
•OWER CONTROL GROUPS 

\ \ M \ \ \ \ ^RATE 



0 1 2 3 4 5 6 7 8 9 10 11 12131415, 



I 



1/8 



\ \ \ \ \ m \ \ \ \ \ Irate 



0 1 2 3 4 5 6 7 8 9 10 11 12 1314 15| 



FIG. IE 



Pl|P2 P3 P4 P5 P6 


P7 P8 P9 


PlOPll Pl2 


P13P14 P15PI6 



FORWARD 
LINK 
POWER 
CONTROL 



RATE 



FIG. IF 



Pl |P2 |P3 I P4 I P5 I P6 I P7 I P8 I Pi I P2 |P3 |P4 |P5 iP6 |P7 j PS 



HG. IG 



Pl|P2 P3 P4 


Pl 


P2 P3 P4 


Pl 


P2 P3 P4 Pl P2 P3 P4 



FIG. IH 



Pi I P2 I Pi I P2 I Pl I P2 I Pl I P2 { Pi I P2 I Pl I P2 I Pl I P2 I Pl I P2 



E/2 



E/4 



E/8 



1/2 
RATE 



1/4 
RATE 



1/8 
RATE 



wo 99/01944 



PCT/US98/13677 



2/6 



TO/FROM 
PSTN 



no. 2 



54 



BASE 
STATION 
CONTROLLER 



TO/FROM OTHER 
BASE STATIONS 




56b 



r 



300 
310 



OPERATE AT AN IDLE RATE 



320 



DATA RECEIVED FOR HIGH RATE TRANSFER 



7 



330 



TELL RECEIVER TO INCREASE BANDWIDTH OF POWER CONTROL 
INFORMATION ABOUT FORWARD LINK 



1 



340 



TELL RECEIVER THAT TRANSMITTER IS SWICHING TO FULL RATE 



I 



350 



INCREASE FORWARD RATE TO FULL RATE 



360 



CONTROL THE POWER LEVEL OF THE TRANSMITTER USING LOW, FULL 
OR HIGH RATES OR PARTLML FRAMES TO SET THE CORRECT HIGH RATE 
POWER LEVEL FOR THE TRANSMITTER 



I 



r 



370 



SEND HIGH RATE NOTIHCATION TO RECEIVER 



380 



START SENDING HIGH RATE FRAMES 



nG.7 



wo 99/01944 



PCTAJS98/13677 




wo 99/01944 



PCTAJS98/13677 



4/6 




(ap) m/AOd aaznvwHON 



wo 99/01944 



PCT/US98/13677 



5/6 




^ 2 »^ o ^ 
(ap) HSMOd aaznvwHON 



wo 99/01944 



PCT/US98/13677 



6/6 



HIGH LOW 200 




221 



FIG. 6A 




WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

IhfTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internatioiial Patent Clas 


siflcation ^ : 




(11) Internatioiial Publication Number: 


WO 99A)1944 


H04B 7/005 




A3 










(43) International Publication Date: 


14 January 1999 (14.01.99) 



(21) International Application Number: PCT/US9S/ 13677 

(22) International Filing Date: 30 June 1998 (30.06.98) 



(30) Priority Data: 
08/886.605 



1 July 1997 (01.07.97) 



US 



(71) Applicant: QUALCOMM INCORPORATED [VS/VS]; 6455 

Lusk Boulevard, San Diego, CA 92121 (US). 

(72) Inventor: CHEN, Tao; 8826 La Cartera Street, San Diego. CA 

92129-3309 (US). 

(74) Agents: OGROD, Gregory, D. et al.; (^ualconun Incorporated, 
6455 Lusk Boulevard. San Diego, CA 92121 (US). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG. BR, 
BY, CA. CH, CN, CU. CZ, DE. DK. EE, ES. H, GB. GE, 
GH. GM. GW, HU. ID, IL. IS. JP. KE. KG. KP. KR. KZ, 
LC, LK, LR, LS, LT, LU. LV, MD. MG. MK. MN. MW, 
MX, NO, N2. PL, PT, RO, RU. SD, SE. SG, SI, SK, SL, TJ, 
TM, TR. TT,. UA. UG, UZ. VN, YU, ZW. ARIPO patent 
(GH, GM. KE, LS, MW, SD, SZ, UG. 2W). Eurasian patent 
(AM, AZ, BY, KG. KZ, MD, RU. TJ, TM), European patent 
(AT, BE, CH, CY. DE, DK. ES. H, FR, GB, GR. IE, IT, 
LU. MC, NL, PT, SE). OAPI patent (BP. BJ. CF, CG, CI, 
CM, GA, GN, ML. MR, NE. SN, TO, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the claims 
and to be republished in the event of the receipt of amendments, 

(88) Date of publication of the international search report: 

3 June 1999(03.06.99) 



(54) Title: METHOD AND APPARATUS FOR CONTROLLING SIGNAL POWER IN A CX)MMUNICATION SYSTEM 



VARIABLE 
RATE DATA 
SOURCE 




CRC and TAIL 

BIT 
GENERATOR 


— ► 



^10 






ENCODER 




INTERLEAVER 




— ► 





MODULATOR 



TMTR 




REMOTE 



r 

DUFLEXERi 



XERi ►(d)^ RCVR 

I 1 hcV 

I POWER 



DEMODULATOR 



OTHER FINGERS - 



w 



COMBINER 




DE- 

INTERLEAVER 









_£2 



DECODER 



CRC CHECK 



SER CHECK V » 



YAMAMOTO 
CHECK 



CONTROL -fcJ TRANSMISSION SUBSYSTEM k*- DATA 
PROCESSOR ~ r rH 



PC MESSAGE GENERATOR ] 
DECODED FRAME BUFraR~~L 



OUTPl/r 
FRAME 



(57) Abstract 

A method and apparatus for controlling signal power in a communication system provides improved power control when changing 
the rate at which data is sent between a transmitter (2) and a receiver (4). When data arrives at the transmitter (2) for transmission at a high 
rate, power control feedback is changed from a slow mode (with a low bandwidth feedback channel) to a fast mode (with a high bandwidth 
feedback channel). This control changes even before the data is transmitted at the high rate. Once the power level is accurately estimated 
for data transmission at the high rate, the data transmission begins at the high rate. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


L5 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FK 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Aiutmlia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Hozegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Baibados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Bttilcina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungaiy 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benm 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 




IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 




NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


NcHway 


ZW 


Zimbabwe 


a 


C6te d'lvoire 


KP 


Democratic Peq>le's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


FT 


Portugal 






CU 


Cuba 


KZ 


Kazalcstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 


V 

In ^onal Application No 




PCT/US 98/13677 



A. CLASSnCATIONOF.SUBJECT MATTER 

IPC 6 H04B7/005 



Acoordtng to Intemattonal Patent Classifteatton (IPC) or to both national dassificatton and (PC 

B. FIELDS SEARCHED 

Minimum documentation sean^hed (ctasaiflcation system toUowed by classification symbols) 

IPC 6 H04B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fialds searched 



Electronic data base consulted during the international search (name of data base artd, wtiere practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to daim No. 


X 


wo 96 38938 A (DSC COMMUNICATIONS 


1,3,6,8 




CORPORATION) 5 December 1996 




A 


see page 32, line 15 - page 34, line 15 


4,5,9, 






10,12, 






13,15, 






17,18, 






20-22, 






25-30 




see figure 17 






-/- 





Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



' Special categories of dted docunnents : 

"A" document defining the general state of the art which Is not 

considered to be of particular relevance 
"E" earlier dooiment but published on or after the international 

filing date 

"L* document which may throw doubts on priority claIm{s)or 
which is dted to establish the publicatton date of another 
citation or other special reason (as specified) 

"O" document refenlng to an oral disclosure, use, exhibition or 
other means 

'P" document published prior to the Internationa) filing date but 
later than the priority data daimed 



T" later document published after the International filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
Invention 

"X' document of particular relevance: the claimed invention 
cannot t)e considered novel or cannot be considefed to 
Involve an inventive step when the document Is taken alone 

"Y" document of particular relevance: the daimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent famfiy 



Date of the actual completion of the intemational search 

12 April 1999 


Date of mailing of the intemational search report 

19/04/1999 


Name and mailing address of tlie ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL-2280HVRi|swjik 
Tel. (+31-70) 340-2040, Tx. 31 651 epo rt, 
Fax: (+31-70) 340-3016 


Authorized officer 

Behringer, L.V, 



Foim PCT/ISA/210 (second sh«ot) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



(n. Atlonel Appltcatton No 

PCT/US 98/13677 



C.(Contlnuat!on) DOCUMENTS CONSJDERED TO BE RELEVANT 



Category " Citation of document, witti Indlcation.where appropriate, of the relevant passages 



Relevant to ctalm No. 



wo 97 18643 A (QUALCOMM INCORPORATED) 
22 May 1997 



see page 7, line 22 - page 8, line 32 



see page 14, line 27 - page 37, line 19 

WO 97 00562 A (QUALCOMM INCORPORATED) 
3 January 1997 



see page 5, line 25 - page 6, line 18 
see page 7, line 5 - page 8, line 6 
see page 11, line 19 - page 12, line 16 



1-4,6,8, 

9,15-18, 

20-22, 

25-29 

5,7. 

10-14, 

19,23. 

24,30 



1.5.6, 
10,13, 
15. 

19-22, 
24-29,31 



Fotm PCT/ISA/21 0 (oomfnuatton of second shoot) (July 1 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



it lattonal Application No 

PCT/US 98/13677 



Patent document 




Publication 




i^dwiu loiiuiy 




PiibliAAtinn 


cited in search report 




date 




member(3) 




date 


UO 9638938 


A 


05-12-1996 


GB 


2301751 


A 


11-12-1996 






AU 


5972896 


A 


18-12-1996 






AU 


5973296 


A 


18-12-1996 






AU 


5973396 


A 


18-12-1996 






AU 


5973796 


A 


18-12-1996 






AU 


5973896 


A 


24-12-1996 






AU 


5974896 


A 


18-12-1996 






AU 


5975096 


A 


18-12-1996 






AU 


5975896 


A 


18-12-1996 






AU 


5977896 


A 


18-12-1996 






AU 


5984896 


A 


18-12-1996 






AU 


5985396 


A 


18-12-1996 






AU 


6032896 


A 


18-12-1996 






AU 


5033896 


A 


18-12-1996 






AU 


6034896 


A 


18-12-1996 






AU 


6034996 


A 


18-12-1996 






AU 


6037696 


A 


18-12-1996 






AU 


6037796 


A 


18-12-1996 






AU 


6044296 


A 


18-12-1996 






AU 


6148996 


A 


18-12-1996 






AU 


6475896 


A 


18-12-1996 






BR 


9608335 


A 


05-01-1999 






BR 


9608346 


A 


05-01-1999 






BR 


9608347 


A 


05-01-1999 






CA 


2222705 


A 


05-12-1996 






CA 


2222734 


A 


05-12-1996 






CN 


1194071 


A 


23-09-1998 






CN 


1191045 


A 


19-08-1998 






CN 


1192831 


A 


09-09-1998 






EP 


0829150 


A 


18-03-1998 






EP 


0829174 


A 


18-03-1998 






EP 


0834123 


A 


08-04-1998 






EP 


0830763 


A 


25-03-1998 






EP 


0830748 


A 


25-03-1998 






EP 


0830749 


A 


25-03-1998 






EP 


0830750 


A 


25-03-1998 






EP 


0872026 


A 


21-10-1998 






EP 


0830759 


A 


25-03-1998 






EP 


0830775 


A 


25-03-1998 






EP 


0830751 


A 


25-03-1998 






EP 


0872062 


A 


21-10-1998 






GB 


2301736 


A 


11-12-1996 






GB 


2301737 


A 


11-12-1996 






uD 




A 
M 








GB 


2301738 


A 


11-12-1996 






GB 


2301739 


A 


11-12-1996 






GB 


2301740 


A 


11-12-1996 






GB 


2301741 


A 


11-12-1996 






uD 


2301753 


A 


11—1 9-1QQA 








GB 


2301719 


A 


11-12-1996 


WO 9718643 


A 


22-05-1997 


AU 


7733596 A 


05-06-1997 






CA 


2237895 A 


22-05-1997 






EP 


0861530 A 


02-09-1998 






FI 


981080 A 


14-07-1998 


WO 9700562 


A 


03-01-1997 


US 


5703902 A 


30-12-1997 






AU 


700122 


B 


24-12-1998 



Feim PCT/lSA/21 0 (patent tamOy annex) (July i d92) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Intermatlon on patent lamlly membara 



In iational AppUeatlon No 

PCT/US 98/13677 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



PtibDcation 
date 



UO 9700562 



AU 
CA 
EP 
FI 



6386296 A 
2224684 A 
0835560 A 
974471 A 



15-01-1997 
03-01-1997 

15- 04-1998 

16- 02-1998 



Fotm PCT/ISA/210 (patent famay anmn) <July 1992) 



page 2 of 2 



